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Abstract

Background: In Japan, there are several resorts with cold springs that have mineral water containing relatively high
levels of lithium compared to tap water. Visitors to such cold-spring resorts traditionally drink 2 to 4 L of mineral
water for several hours in the early morning in the belief that the water has properiies which maintain physical health.
The present study aimed to investigate whether drinking the water increase serum lithium levels despite frequent nrina-
tion, and to examine the mental effects of drinking mineral water containing lithinm and related factors.

Methods: Forty three subjects who were not psychiatrically ill gave informed consent to this study. Before and just after
drinking the water, serum lithium levels, the State-Trait of Anxiety Inventory (STAI) scores, Profiles of Mood States
Test (POMS) scores and brain-derived neurotrophic factor (BDINF) levels were measured,

Results: The subjects drank 3.64 L of the water in the early morning. Serum lithium levels were significantly in-
creased from 0.026 to 0.073 mEq/L, which were much lower than the ones used in the treatment of psychiatric dis-
orders. After drinking, most ratings of POMS significantly improved. Serum lithinm levels were positively and signifi-
cantly associated with serum BDINF Jevels, and changes in serum BDINF were negatively and significantly associated
with changes in ST.AI state scores.

Conclusion: The present findings suggest that drinking mineral water containing very low lithinm levels may increase
serum lithinm levels and improve mental state as a likely consequence of changes in BDINF Jevels, although improve-
ment in subjective well-being may have been due to placebo effect. Taking several methodological limitations into con-
sideration, further studies are required to confirm this suggestion (German | Psychiatry 2008; 11: 103-106).
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Introduction

lithium in the treatment of bipolar disorder (Poolsup et
al., 2000; Geddes et al., 2004), augmentation of antide-
pressants (Bauer & Dopfmer, 1999), and suicide (Cipriani et
al., 2005). Beyond these established cffects, lithium may have
prophylactic effects for dementia (Terao et al, 2006) al-
though this is still controversial. These vatious effects have

: ;cvcral meta-analyses have confirmed the efficacy of

been investigated within so-called therapeutic ranges, bur
there is a possibility that even very low levels of lithium may
bring about some psychotropic effects because very small
amounts of lithium in tap water (0.07-0.16 mg/L) have been
associated with less psychiatric hospitalizations (Dawson et
al., 1972) and less suicide and crimes (Schrauzer & Shrestha,
1990). Schrauzer et al. (1994) performed a randomized dou-
ble-blind placebo-controlled lithium supplementation study
(400 ug/day) in a total of 24 subjects with a history of sub-
stance dependence. As a result, they found that lithium
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Figure 1. The Relationship Between Serum Lithium
Levels and Serum BDNF Levels After Drinking Lithium
Mineral Water, and the Relationship Between Changes
in BDNF Levels and Changes in STAI State Scores
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group showed rapid and consistent mood improvement in
comparison with placebo group although at that time they
could not measure very low serum lithium levels and the
mechanism was not investigated. Thereafter, to our knowl-
edge, no researcher reconfirmed their findings.

In Japan, there ate several resorts with cold springs that have
mineral water containing relatively high levels of lithium
compared to tap water. Visitors to such cold-spring resorts
rraditionally drink 2 to 4 L of mineral water for several hours
in the early morning in the belief that the water has proper-
ties which maintain physical health. Although those who
partake in this health regime may not be aware of the possi-
ble psychotropic effects of the spring water, we can investi-
gate the effects of drinking mineral water containing very
low level lithium. Moreover, recently, very low serum lithium
levels can be measured by using mass spectroscopy.

In the present study, we investigated the effects of drinking
mineral water containing lithium on serum lithium levels.
Moreover, mental state and brain-derived neurotrophic
factor (BDNF) wete also investigated because lithium has
been reported to increase BDNF (Manji et al., 2000). The
hypothesis was that drinking mineral water conraining lith-
ium may increase serum lithium levels and thereby improve

mental state as a likely consequence of changes in BDNF
levels.

Method

Two typical resorts with cold springs containing relatively
high lithium levels near our university were sclected. One
was Tsukano cold spring with 6.1 mg/L of lithium mineral
water and the other was Rokkasako cold spring with 15.7
mg/L of lithium mineral water. These lithium levels were
much lower than those in routine clinical settings (c.g., 400
to 1200 mg/day) but much higher than those in tap water
(much less than 1 mg/L). In both springs, visitors stay at an
inn near the spring for several days. They wake in the very
early morning (around 2-3 AM) and continuously drink from
the cold spring until 6-7 AM.

Prior to (ie. the previous evening) and just after drinking
spring mineral water, psychological tests including the State-
Trait Anxiety Inventory (STAI) and Profiles of Mood States
Test (POMS), blood sampling to measure serum lithium
levels and brain-derived neurotrophic factor (BDNF) were
performed. In addition, serum creatinine was measured as a
parameter of renal function.

Serum lithium levels were measured by using mass spectros-
copy at a third party (Oita Yakuzaishi Kensa Center). Serum
BDNF levels were measured by one of the authors (R.Y.)
using 2 BDNF Emax Immunoassay Kit (Promega, Madison,
W1, USA) according to the sandwich ELISA method. He
was blind to the psychological findings of the subjects. Intra-
and interassay cocfficients of varjation were 5% and 7%,
respectively. The protocol of this study was approved by the
Erthics Committee of Oita University FFaculty of Medicine.
All subjects gave their consent after having been informed of
the study’s purpose and methods. The subjects also received
advice regarding both possible effects and side effects of
drinking the mineral water such as lithium roxicity. As to the
statistical analyses, Wilcoxon signed-ranks test and Spear-
man’s cottelation coefficient were used.

Results

In total, 43 subjects (26 females and 17 males) entered the
study. Their mean age was 65.7+10.8 years. According to
our semi-structured interview, none of the participants had
psychiatric illnesses. The subjects drank 3.64£1.85 L of
spring mineral water from 2-3 AM to 6-7 AM and urinated
more frequently than usual. After drinking lithium mineral
water, body weight was increased but not significanty
(57.6710.0 to 59.3%9.1 kg, p<0.08). Serum lithium levels
were significantly increased from  0.026+0.032 to
0.07320.049 mEq/L. (p<0.0001). Serum creatinine levels
wete significantly decreased from 0.69£0.17 to 0.64£0.15
mg/dL (p<0.0001) wheteas serum BDNF levels were un-
changed (22.7+11.8 to 22.5710.2 ng/ml). After drinking
the mineral water, tension and anxiety (47.61£7.2 to 45.3%£9.2,
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p<0.01), depression (51.1£7.4 to 48.8%8.0, p<0.02), anger
and hostlity (30.6+12.3 to 47.1710.1, p<0.001), fatigue
(46.817.6 to 44.0%7.7, p<0.03) and confusion (50.8%8.8 to
48.219.2, p<0.01) scores of the POMS significantly de-
creascd.

Although there was no association between serum lithium
and BDNF levels before drinking lithium mineral water,
serum lithium levels became positively and significanty
associated with plasma BIDNF just after drinking (tho=0.35,
p<0.03) (Figure 1). Figure 1 also shows that changes in se-
rum BDNF levels were negatively and significantly associ-
ated with changes in STAI state scores (tho=-0.36, p<0.03).

Discussion

Although the subjects urinated more frequently than usual,
the mean serum lithium levels were significantly increased
from 0.026 to 0.073 mEq/L by drinking cold spring water
containing lithium. Nonetheless, this basal value of 0.026
seems to be high compared to the mean lithium level of
people who are not in the habit of drinking lithium mineral
water which has been found to be around 0.001 (mEq/I.)
(unpublished data). It is therefore probable that the basal
value was already increased by the sustained drinking of
lithium mineral water before the study. Despite the signifi-
cant increase from 0.026 to 0.073 mEq/L, it should be noted
that the value of 0.073 mEq/L is still cleatly lower than
therapeutic lithium levels (e.g,, 0.4-1.0 mEq/L). These find-
ings suggest that serum lithium levels do increase modestly
but significantly by drinking cold spring water containing
lithium despite frequent urination.

With regard to the effects of such low lithium levels, in the
present study, most psychological variables of POMS such as
tension and anxiety, depression, anger and hostility, fatigue
and confusion were significantly decreased following the
increase of lithium levels. Placebo effects and/or trace con-
tained in the spring mineral water other than lithium might
have affected their mental state. Nonetheless, it seems likely
that lithium, at least partially, affected the results because
serum lithium levels were positively and significantly associ-
ated with serum BDNF levels (Figure 1), and changes in
serumn BDNTY levels were negatively and significantly associ-
ated with STAIT state scores (Figure 1). Therefore, the pre-
sent findings reconfirm the findings by Schrauzer et al.
(1994).

It should be emphasized that the significant decrease in
serum creatinine levels indicates the dilution of the subjects’
serum by drinking mineral water. That is, the change in the
mean creatinine level from 0.689 to 0.640 mg/dL means 108
% of dilution. If this is the case in serum BDNF levels, then
the mean BDNF might have been changed from 22.7 to 21.1
ng/ml.. However, BDNF was apparently unchanged from
22.7 to 22.5 ng/mL. This suggests that there was a substan-
tial increase of BDNF which might have compensated for
the difference between 22.5 and 21.1 (ie. 1.4 ng/ml.).

Although BDNF is highly concentrated in the nervous sys-
tem, it is also found in the serum of humans and other

mammals, where its function is poorly understood (Karege
et al., 2005). Pan et al. (1998) reported that BDNF can cross
the blood-brain barrier and Karege et al. (2002) reported a
positive correlation between serum and cortical BDNF levels
in animal studies. Recently, Karcege et al. (2005) also reported
a decrease in serum BDNF levels without a change in the
whole blood BDNF content of drug-free depressed patients,
indicating the involvement of BDNF release from platelets.
In the present study, it seems likely that the above substan-
tial increase (although seemingly unchanged) in serum
BDNF levels was induced by BDNF release from the sub-
jects’ platelets. It is also possible that in their brain BDNF
release was concurrently increased and improved their men-
tal state after lithium absorption during drinking lithium
mineral water.

There are several limitatdons to the present study. First, the
psychological findings may have been influenced by the
natute of an open study. We, however, explained both ef-
fects and side effects of lithium to the subjects openly and,
to begin with, they came to the springs and drank mineral
water in order to maintain their physical health but not men-
tal health. Therefore, it seems unlikely that their psychologi-
cal reactions influenced subjective ratings although placebo
effects cannot be denied completely. Second, the study
population was not selected randomly and the design did not
have control (e.g. drinking tap water). Third, the time of
drinking (2-3 to 6-7 AM) ovetlapped with that of partial
sleep deprivation. Although it cannot be denied completely,
the significant association between serum lithium and BDNF
levels supports the involvement of drinking lithium mineral
watet. Finally, our subjects were healthy volunteers and
Schrauzer et al.’s (1994) subjects had a history of substance
dependence, which were different from bipolar disorders.
This difference might have affected the difference of thera-
peutic lithium levels.

The present findings suggest that drinking mineral water
containing very low lithium levels may increase serum lith-
ium levels and improve mental state as a likely consequence
of changes in BDNF levels. Taking several methodological
limitations into consideration, further studies are required to
confirm this suggestion.
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4. REERRES L UBSIREORRIIEL

3—-2. HEHAMFRICLBANDORS

bdo &b BRIEKOEEOREEIEENIITRIZ D, o, KEEER & 0 BHKLSL OER
SEMNNTZDOREDZIIHRIEESETH 2, FIT. oD OKBEEFHRL TOERTHE
DVt bDT, ZDOHENEDEEI ZHMINICTM T 2 1o0ic, D LIAGEA + v BEB LU
WIS ERR B 2 H O TR T2 21T - 700 RT3 3Ltk o # 2 1o SMCH: % . RIF#il oo [a]
BNy <2y 7 2RFER VI, RTATREEA2E (£1) 2o0RTFTREBEESENTE. 8% &1
AHBE O PNIKE AR L TWARFIRBIECD2oDORTTRESNLZ I Ebbh b, 2D 25DR
TEMBNIcA B &, RAT 1 RBERHEROKS EEZ SN BLIY, Na'y, K'Y, Ca®', ClI°, Br, SO, SiO,
ONFHMEPAKE L, BRIDKOEELRIRTFEELZONE, RTF2R3EBRICERSTVETIE
WEREBIEE (NOs™, PO,) LHCO; ORMENKNE O, MJINDRKBEITHHO M (A iEFEK 2 - ¢
WAREEMNE . AFEHIR I TREATESAENCHIEETH S (KR - fl, 2007) ZEms, 3
IBHOAMBREREORNT 2 3EFBEKOEBERTHFTHEEELON B, Z)lO 2N TORT
oz, XERT 1, Y#ERF2E L7757 Eicyo s r42E (K5). SEMIIFHE X o
EDflic, FARNESNNZYHOIEOMIc 7o v b &, Bz hN 5, Thid, MRy Bl
o6 filotht, FIIKE~NDORRIKOBZENKEVONEIBETH D, EIEEKOEENAZ VLD
BRETHHILEERLTWVWS, T, BRINEXEOIEOM I, BIEEDOAIc7a Yy bah 3 &



Do, BARINNGEN & D SHEAICERIFKOEEL B ZI TWE I Db b, ZOfomllid,
X@hyfdtices F2fllic7yey bxhd 2 Eh o, EE3AEE~T, BRIEKE X CHTEREKD
HEORERIEIMITNIWEWS TEBRFA LD, FK>VWTIE6 ADF— 5 DA, REKDE
Bl AoNB0, INRAIEI T80, FEEFHRRRIFKOMBEEZL TVE DT, %
Ofho AR X Yiidic w4 F AT oy b ENB T &S, ERWITIZRRIIKOEZE T
IhNEWwEEZI 6N 5,

R, RBFRSOBRTFARER L USSR

Factor 1 Factor 2 Factor 3

Li 0.978 0.154 0.029
Na* 0.965 0.124 0.203
K* 0.979 0.108 0.092
Mg** 0.177 0.046 0.928
Ca®* 0.784 0.205 -0.107
cr 0.961 0.081 0.201
Br 0.950 0.066 0.259
NO,” 0.518 0.746 0.137
PO, 0.373 0.838 0.124
S0, 0.863 -0.087 0.246
HCO,”  -0.278 0.798 -0.107
Sio, 0.916 0.247 0.064
Factor

Contribution 61,6 17.2 9.5

rate (%)
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5. &FNIOEFER EF1 vs BF2)

3—3. BSiRELIKE L DR
RIET D@D . KFatr &R B oFINEHEEHIC, (A) &RIFKOZEOmOEH)I M. (B)

HTEBEK DB nni | IRRIKDEE G HTFRVWERI, (C) HiERE/KOEZEDEHEE)IIL (D) &
HOOFESTHWGIIL FUL SER)IER. SARINoPs Xy s,  OfEH &EZE)IOBSIiER
DEEEEZRLELSOMBX6 TH S, Ntho7o o b BRI F—-70EEEE2 KL, 25— ~—dAE
DIF oo XA EHEREE LTELLODTHZ, ChERZE, T35 —/—b&HE LR FRASTES
KEWLBSIBEEZRLTWS, T/, TREFHFCTEB VL, FBEARNEo R X TETBSIEYE
E VR 2R U ERBEK 022 s Ly WA R R & BFEARNN OBSIHBREE D L 12 2 A B R S
i, Kk X ORBEFRY EBSHRRE & OMBBERER (KR2) 2R % &, MREREEFEZONZkAD &
DB FIFEICTE . ZONHE. BEROMEICHEILRENRS 120 5 5KEEH (NO:, PO. )
ORI EAEE N, $2, 6 TRTENS KD iz, BIEFEKOEEDHRVEIIIA, BHOMICE
REKDEEDHM ORI TR ERNNE D SEOBSIEEAZRLTWE I &5 & EERKELD b,
ERPEK S BSUEE OEINCERWEEER 52 TVWE EEL 5Nh b, —H., KB EBSIER & OB+ R 3
EL TR EEBVHBERR O, 3 - 1H TRz EB D B3I & FHINT R GAFR %28 L Tl
FOKBOFENEOE WS ILBEORENEE AR >ENTidd 3225, BSIEE IO 2 THL M
EZVBHD, O ELS L, KEMNBSIBEOMWINCG A 2 BRIAREBVWEEZLIONG, Lo
Ep o, BSIEEE, AlLE 2R N9 2 E&E I ERIFKICE T N A0 BBEHR L TWAE T & BHEE
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Ihbd, UL, K2OEEMBEITYZR2B0 ., BEHEND T NTHBSIHEE & BWHBEZRT O
Ty EOERBEANRT T A2HEEICECBERL TV 202 3EHBSETREETER L, D &b,
RRPKDBEERS BE) 2R P 2 HERBIC—EDOHELAEZ TWAZ LRI EVWS T EIZE
k3,

3—4. FFENRATIEER

SN L OBFEARINT O W TEREEBN bEFHCIT- TWd, 22T, o DRREFKDOE
DRV 2 D D{E)I[RE B & UBSIHRED SHINENRAT 2 EMERE 7 5 v 7 2206 -, B8,
Bl s nrcmRE 2 > 0@ EM 2B L TR XA LR SN, SEHITFi# 20, 3o/ secks
L BANNZ0. 1m/sechRETH - 7o AtRHEBEHOBMF— s ho—HbkoOHRE7 7 5 7 243K
B, T O DEOFEAFECERESE 7 5 v 7 2ZBEZF L, KO ONFEMEE7 7 9 7 R,
SEHITT R TI. 2tons BARJITL 2tond 1 - 720 2200 #E&bH 5 &0 < & B4ER10tonkl oo
BORFE~NRAL TV EL 2, COBOHEESBIFENFERICHES 2 2 & BRI EER
CEDEINEEABZZ20PRBEDEI A OB OA, HRIREZE > TV )| OBSIEE 12
NCEINoZ @ 3ELLEORETHZ I 2 EZ 5 L, MO HAREL O SHEOHER
ERNEBNPEE LTV 2 EMES N, HBEEAHB T 2EMICE - TIORBBHTERLVETH S
OTERBOLhEHEEINS,

4. BhYIC
AT ZmRAN 2 6 DDl E X O EREIC O WT, £ ORARDTEES L O N9 2 HsE
THREL. MIIKEERT T 2EREEORREZER LAER. RO ENBHOM L 51,



(1) BINTNZEFASFE, BFEICERREIEKORZEr s nEl)l] CERINTR) . ErERKORZE
3eE  IRR PR DR E S 2L\l (BARID. ErEFKkofg&sssgw il GRJID. wFho
EELIFVEI GBI F FEIIR LEERS. HRID KXgashd, 72720 ofERIF X
KA O TOMEHI S B OMIGERT SO TH D, HEDFH VI EMNERBEKBHEAL T
WIEWEWS T EERLTVEDLIT T,

(2) ERPKOBERDE. RTITTI2EERIC—COREELE5A T, BRIKOFEASFTETT 2
EEEOMMAELIZEILTVWAIERHELATH S, £, REEHOBRABKR T 2 HEERE
Ko DORELZRZTVWAEVIHREAMIBE TR SN T HERKDOKRA LD bilRREEK
DORADHIPFR T 2EHERBICEELS L TV I EMRRINT,

(3) HRBIKOEEOHNERH]IB L OER/D SBIFE~NRA T 2 HER G FEM10tonll | & BE
bot, Diad Eb, HARREOHEOHERLZINE~NIHELTWE EEL 6N 5,

AMETRBEEANDT7 5 » 7 ASHFIANTHRAEZED TWE D, i T3 2ERE L/KEDR

FRIEODVWTEHEHLTELM, T T 2EREIFKCERESTETTS2dDTHO ., SOIlIE L foH#
BEZIV-ETEPORHBEL TEbDBRYETHELEEZLONG, FIERERNOREELZ I HIC
ELLSFET 2z 2 5 Vo e mIRCERRETHEBE T AHRORLZHENE LT 5 2 &L b MET
boHLEZON, SHROBME LIz, T, SRGEEREBEFRT IRNOFCICE TRES S -
t2o ZDOHITODVTCHESRS SR IMENPSKETHEEEZL D,

e

Demaster, D. J. (1981) : The supply and accumulation of silica in the marine environment. Geochim.
Cosmochim. Acta, 45, 1715-1732.

NNEFHZER, NAESH, @7, EEEE (1994) : BINTOKR EKE. [HIRTHO BAREFRHE
HeE ], 85-102, BN HARREEMFAEE, K.

JUEFMFER (1998) @ BIRFERA RO KR EKE., [HIBREGHERIE SINERES -8R - d2 -
BE 1, 29-38, RORFHEFE, K.

RRGEZ, LlE—, SRE8, (LHEH, fEHE0E, mEkRz (2007) @ ER» SHEII~NOFHSRTH
Ot — RKRIHRREREICBY T 2 BMffAE L i —. ROBERRFAEMAFASERE, 58, 21-30.
R, EBHE, SHMEH, gz (2008) @ RAIMRREFREICBIT 2 ERFEE &5 (1D

— @R SEN~NDEHESB LR ORHE—. KO RERAEVERE, 59, 13-19.



B - LKL g 0 se A A RS

SRR B DS MR SR B B 2 ek
=W M e B oA

E F
ANYBEEEBCAH T 2m FILAKLEHY O S AELHEZTV., Th o OLHELFNRER-E R~
too BWEEENC O LWTHEAT - 2R, WY 3D EBLTD 3 5 4 7 ORI
VHHESEBAEHONE T EMBB O M - 12 0 A) BER + BAEL - EEANNO +HEL+ A%,
B) HfMEA+EEMNGHAEA. C) SEMANA+REG. mALAKLEEY BT EANAICE
iR, AHBOMOECKLERY & HBOREBTHY, TO I RESILAAALBET
V-t OWAARMTHEEEVI EFLVETANMNTS %,

1. RUBHIC

KL HIIC & € 0 B SO EE B L e bR, LTRSS SoeaFNT -7 E. &
ROBJRE 1D 5 577 <0 OREE « 775 & OYEEAP < 7 < DRIEL TR T8 LR HHE
SIEHRTH 5, ROBEIESOTLBICMET 2l Fillkibid, \ifiE. BRE. LEELER K
DNEOFERFECKLDOVD EDTH 5, L LMo BAEBRE JLESE LSS SRS 5 &,
KUV 2 KLV B RE 38 & OB NI B L T S 0 IT i » TO WD E VL, SREH S
&, WE oW FlkEHEEHT O W TELRRETV, 2h 0 OLEE OFNREERAN O TH
ET o

2. ERRHEER

B G U 72 388 O T Lk L it o W TR A VR U motBRieE T TSR aE .
B — FHIAR. BESARR. HARk & oi#eiT - 7,

mFlek g Bnid . MEHAE 2 RICKEL 394 TR TE S, EHE ZNoZ2 547
A BERHABLOSELEAMAFA YA b, 74 7B BAERSEANLG T4 YA b, 24 7C
WAL FA ¥4 b ERibd 3, DITIC, #2WFND 54 FIKOWTEH L BRB,

A RERESBLREFLEANAT 194 (1 A)

M RAELS (4 0mPl T, 20vol. %) BiAMEA (0. 3mPLF, 1vol BEIF). E&EMAPIA (2. Ommbl
T, 5vol. %)« BER (0. 7mPlF, 1vol. ¥LLF). A% (1.8mPLF, 1vol. KA. AEHILY
0.5mPlF, 1lvol. ¥UUF) Th3, BEAHAHEREE~FYAETEET 5, YEANLOHSEETH
E~YakTcHlET 5, BERRR AR TEEL, ZORGREA 4 ML TW 5, BRANH
B AE~EAETEA L. BBEB0oNRIc/EETE b2 b0, BiRAMERT b LERL b OhEL
HLTW3, GEMBETXCRAEERT, SEAKNA+HEA. YBARAOA, RIKOGDAENS
BAERBNA SN, ARGRELG. REWEY., 73 205K, M Tax7 47« v 7%
~,

B : HgiaLEmparsa(44+ (1 B)

BEEAHEG (4. 0mBAT, 18~22vol. %) HRNEL (0. 7~1. 4mmPAF, 2vol. %LITF) . EEALA
(4. 0mmPL R, 3~ 8vol. %) AEIASEY (0. 5mm Pl F, 1vol. % LIF) Th 3, A LM S HE~
YERTHAT 5. BEANARGRAE~FAETHET 5, BAESE L WEENZ (. KO 0E



BANNAHRSEBGHDA Yy 4 MMl 25V IE
RIS A A4 MEERT, T, HEANA
BREoRgosBAEDLNIHAEbD 2, FE
AGHERBEE~FEETEEL, BTSN
THlET 2 5o b0, EIRHEZ RS b0 LFHRER
boBEELTVE, BEAPNG+HREA. R
A+ BANES + AERILY) . HEDEA + BRI
Y. RIEAOA PO AERMELA LN, A
BEEA. NERIYI. #2518 D N T
04747 4w 7 RkERT,

C: EEBBRAETAH4A4 b+ (E1C)

M dREA G 5mEl T, 12~15vol. %) &
ARG (5.5mEPl T, 3vol. %) AZEHILY
(0. 5mmPLF, 1vol. % LIN) Th b, EHiEMEY
AFmORTE A~ EE TEAET 205, Al
BEART DD 5, BENICEENE L L.
578 £ PO A B D KER A0 Rk 8RS D IR VI
PlcE b, REBELTAEDONS, RIE
AMEORTE Y FEE~FHAETEET 205, Al
BIEEZTRT Db H 5, FFEIPWNEICHE %
bObDEFBEROONIEL TV S, REEAHK
mOEETICIR - TERERALDONE Db D
5, E@EAIA +REAO. HiEAP A+ ABEHIL
Y. REAOANPOIEIERENA OGNS, K
FREA. RNBERSY. 752056180 N T
oA 7454y 7 ABERT,

3. FFILAILE Y O RS R
METRLEB D TPl 35
M B PILBIR A A T h S (3~ 8vol. %)o
KB OO KL (HffE. BRE, LE BT, mFLAILRLEY OREFEUFER
LTS &) RS B FEAS LA K A P g; iigﬁﬁggggjﬁ%’fﬁ* w4t
GEEUFA ¥4 b~RilETHdY REED, o) S et

1988, M, 1997). mifirkiiEEmEZEN S

& L 2 A G A R T VWA B, — 4. BAREAICAET BMEKLCBEE KL F A
4 b ~ZE R EAP GRS ES LM UNEF - 2, 1985, 4T3, 2005, Hk « VK, 2001)
Fh. 205 KLY & I S A IS O O RS B Tkl & ST RS P K L
AR HIER(L S 5. 2R 5D = 7 < DR E LTy thAAARIET L — b O ERIAIRER
SNnTWwa (B, 2009, %M - =#F, 2010), ThARAAL T L — b OEHIAERIC & > THEKSI N 5%
B T4 4 bV @8aPAa A2 &S < EEHS N THE Y (Defant and Drummond, 1990) «
T L1k LS 0 08 258 1 P B 7 2 G B SR & BRI T° b %,

AWFE L M TILALEHID 3 5 4 7 3. BESIHAEH 0 PRI 5 120, ZhZhIEK




B0 7 <0 WNEREE < [E/ - QKRG OWEGHIRI - WD S 5, UM, BER, 7
REGUIAT AT TN 354 7 OR TR BRI TS - 1 THEMAHE Z 505 b5, BRI
LRI A & D 5N 2 IELEMM (@AE., BEELLE) d. WMKICEL ETIEw 7/ v - ek
MBIEEYFE > TV Bo 4~ 7 <D OWERMHII SV TS SIHNES A 2 fbicid, AN
YDA 7S E A S Ic T A LENDH B,

BE 3

Defant and Drummond (1990) Derivation of some modern arc magmas by melting of young subducted
lithosphere, Nature, 347, 662-665.

BEAEIR « /NEFSET] - =AF5A - BFEMER (1988) B OMIE, HUSHESHRE (6 7590 1#
HIXig), HEHAAED, 131p.

SRR (1997) ZEIRHUSOME. MBEMERE (5 h45 0 1 ENIE), MWEAEN, 127p.

HAEEN < IMAER (2001 FBEKLHERX (573570 1), KILHMERILL, HEHA.

ZEFHEE - BRBTRIE - EFER] (2005) BI#EA VT STERBRICTEB L Sk~ /<L 20 50K
BIfRic oW T, :kili, 50, 269-283.

INEFSEE] « AT (1985) Pk KILMHER (577570 1), KB 4, EHAER.

LA - ZHFHEE (2010) MFILOEIUE < 7 < OSIRIR KD & 2T, KO ERRHBTE LSS
(A,

LEHA (2009 KRABICES 25U~ 7 <D, RORRFAEWHIESE®E, 60, 49-50.
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B - BAaBe A o KB G - BRALE EFREN 34, 2otz g Kho—o> BEERK
icd 2, ZEOWHHEL S DKILE, FIFRRANHE S W 2 IBREO BRI S5 LEZ SN
THY., MIFRROKVILEA2EAZ 5 LTHIRFICHEELKNLNTH S, 5 LAE,NS, T OHuEM
TTOHBREO A, HEZEL>VWTOBEREE 3 v ER4A EBRUEALZTAMTH®EEETL
N o HARBUEE 2 ke 7z,

1. FLBHIC

BURE « Sty o KL G H - BRKLE SN 55, 2otulvE i3 Kibho—2ERXL
Th b, BRI, BINRREOEH ICALE T 2 KLUECHEE, FELK 6 knPd75 O FPHIC S IEDEE R,
Ex2EU», Wi, KPPl il EEL SEHo KLE» SHEE N T0 5, RTORATIE, £
RALEBFERNOHBFAROMBIBICH7: 2 EFEZ 5N TBY, 25 LICEKRTHINFER OB I
LAZZ D ETHEFCERELKUTH S, LrL, OMg T cott#irikonfi. Bk Eico
WTOBRICO>VWTRTODEONTORBVONERTH S, 29 LicEroHLIE. TOHIRKTI DOt
1 TMTELR 2 1T W HE T O KBk & 2 sk 12,

Al (FEARE 2, 2008) T, BRALO—E., MERIC>WTHIBHRARE 2T 7. 20
FERL H N o XILERAE DB S %2 HE KB 2 R 3K & B h 5 (KRS UE A3 F400~500m D
MEIKR SN, SO, CoRLEIENZ DA TcED & S unmERi>hEHOMITT
A1z, MEERAICMET 28, MEEOREAL BREILHFEO 2 icB W TMTERIZTTV.
R AR EL Ak 7o,

2. MEEOLIENAE
SRD AT OREER L1525, FHEAEL (2008) 12k 2 HIEFHEEOKE R4 Z ICflRiIc
L5, MEEETIRINE T, kﬂ-m(wW) IC & 2 HRBAKRUBREA, BA -t (2003) 2k
B EHAREMEAL, Hh « FER (2003) 1 & 2 g <OERLEL . 1L« fh (2008) 1T &k 2 VLF-MTHAE
@ﬁbﬂTbD\&%Q@Wx%mkwﬁﬁéﬂfm5oCﬂB@FﬁC\éBC%%@Fﬂ%MiC
DKL O IR FREE R CBUK S fiic > W TOERAER 2 & &2 HIIC, 20095 3 A 1 OB
(7 5) TMTEATTHhNTz, BEBRIETHE SN 7 — 7 OIRGERT» o, MEEHT oKL
HiRAONE LT 2 IR T F SRS N, BRAORPLIE (090681HIE) < ik hikHi Ak
DTEVEEESFAL TBD . KETH10QmP N EIEIEETR T, TOF, o KORATE, &
ﬁ%#ﬂ?é%ifLLTmé$mﬂz5 FEER. 0906%R M H.D & < AT IBIRR KM FEH T 2 50 b8
n. MEEEEOERERORRE LTRHHINTWS, &5 L, KIUA AHOBERS B
@&ﬁﬁﬁm®%%\&@%0%%TWT%EﬁﬁmWE%ﬂU5’&T\:@ﬂﬁ?%ﬁﬁ@ﬂﬁ(
BoTWBIEMEZOND, TOFEF, AP (1997) OHAREMEA. BLIEFEBROEENS ORI



ICBOKD EFFRDFAEN RIS LT
B, gl - (2008) 1Tk B EHL
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EREA B E N TWAE L L L3
M Tch 3, HL DBk EFIF. K
ORE NcBEERLTB Y. KOERA
flcid. KOFEAOEIELICXHR S 5
K DUE (RPUELI0Q mELF) %7K
9 (I N 400m . MBS LA, HAE
TIF600~700mic o 5, KIOBEH
DR KL A 2 DRES. %2525 72
HEGEAERT EEZ D &, T Ok
Tir SIRER S %% & A ZHUR Kp
oA m/AKEE. COMEETIHIS L
B1 MEECSFEIMTER - BASAH CFEEAREL, 2008) TCEEICAIE S B T s HEE I N B,

#m A B
(m) B - A —— ! —— y S S
1000

X2 {EEEHT ORI & TR (SRR, 2008)

3. BRE. BlUCEFaHIEmBAE

Pz i3, 20001E 9 H, MMEEOHEANAIE 4 2811 (NAB), ROMNEEOmIchiE 3 2 REOIL
i (TRM) @ 2 s CAMTEER LIS & 3 Hi FHAEDIAH A A 17 - 72 MT (Magneto Telluric) 7 & FE(E
NaMNEFEAEEG. HRCEUZWISELE, zhickotihicFEsn 2 BROEE, S FOES
Rtz di~ 2 boT, AL 15 2 HLGEILORE & FEBHORIEDOL (f v E—5 v 2) RUiHEO
NAHZEDSHE N OEEXURTT (MAKHD) 1CBfRd 2 & & 2RIHId 5, o, WIREE (RUzhick 25
W) ORI L D IFEEENRL 2 (ERNEEEEFEENE . BERBIEZEEY) WEEFH L.



—HOENE T — D oHTFOES Hao b
KA ERD B SDTH B, TDSHHAMT
(Audio frequency Magneto Telluric) #: & Ff
Ehzboid, 9 2B EE»10KHzZ~
1 HAZE DS K 2T 2 DT,
I B P2 & < o kP& & O IR TR
DB EWHERKE, HRLLT S RE, #
7 % Phoenix Geophysicst:# OMTU-5 A v~
27 LT, MIEWS IZT X TGPSIT & b K%
BTV, —BICEY 2 ik &5 3 ks
DEFEN 7 — & 2 RRIIF L7z WIh ol
METhd, 4 x—EHickb, AO/ A4 X
DORZEDN X /DI VR (FR11E~FEH] 6
Re) ICBIZATIS o 72 WEFNOBIIET .
ANO 7 A4 X RN OEREL E) »
LEVWIEEH D, /A X LNV R
SR 7F— 986N, 7— TR,
KM EOEE B L OIS S OFRY 7 — ¥
EEMRESZEO L 7 A v M cHEl, ThE
Ele il M0 ROMER (TR =842 AU W TRIBEORHT %1710 10. 4 k ~0. 35Hz
VTR DFPH D0 IR 5V Ty BIKSI D/ €T —
2Ry MIWF—yERDT, £, @WLUAOBEREEOBAS CORIMBBAIFT - LoV E—- ) 77 L
VARIEET 5 12, TOMNFRIZ, SEAS»SEONE T — i L, HEOEVLEEDA %L
TA v E—FvR, fHEERRDEEDTH B, Thickd, BSEEICBT 2/, 4 XDEEERL
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% (Takemura et al., 200775 &).
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B1 B OMT ORRKOEEDR L RBFES L URBALRRERHOME (BGRLK)
UFBHEAR » f, 2009)

R EMAEMBRBREFAREREREBHAOERKT -5 (U FILCH)DBEBMTUMYFHL 2=y
B BEIFOLLHEEH 1 OKROEE CH/'H) 1/10%% 1 £ LTHRLIHD)

A FLBAR

= . Kim o SD §180 3H
DEE N HCO3/Cl (Ca+Mg)/N

R (1r_nL)L_ (C) (me/L) 2 (Ca+Mg)/Na (%) (%) (TU) RE
Dp50 39-50 209 175 7.3 0.96 -50.2 -7.82 8.7 U4 R k)
Dp100 89-100 420 36.9 15.4 1.42 -54.8 -873 6.4
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